A facile synthesis of piperidinium 3,3'-(arylmethylene) bis (2-hydroxynaphthalene-1,4-dione) analogs as organic salts is described by the one-pot pseudo-four-component reaction between 2-hydroxy-1,4-naphthoquinone, aromatic aldehydes, and piperidine. The single-crystal X-ray diffraction analysis of these systems confirms that the stabilized pre- 
Introduction
Quinones and naphthoquinones are remarkable structural motifs that are found abundantly in numerous natural products and designed molecules of biological significance. 2-Hydroxy-1,4-naphthoquinone (HNQ), commonly known as lawsone and found naturally in the leaves of the henna plant (Lawsonia inermis), jewelweed (Impatiens balsamica), 1 and endophytic fungus (Gibberella moniliformis), 2 is a popular red-orange compound ubiquitous formation has blossomed dramatically in the pharmaceutical industry for improving the physical properties of active pharmaceutical ingredients. 12, 13 The most useful and reliable intermolecular interaction that often holds salts together is hydrogen bonding interaction. So far, this main steering force, owing to its existence in many drug-like motifs, its strength, and its directionality properties, has been known as the most important interaction in designing crystal packing and solid state organic synthesis, biomaterials, ionic conductors, and organic semiconductors. Additionally, it has been explored in the organic crystal engineering of commercial significant pigments.
14−17
Multicomponent reactions have emerged as efficient synthetic strategies for preparing assemblage libraries of diverse drug-like chemical architectures by virtue of their simple execution, high degree of atom economy, flexibility, efficiency, and convergence in one-pot operations.
18−20
Few studies have been reported for the preparation of organic salts including naphthoquinone cores.
21,22
Therefore, following our investigations of important organic conversions, 23−27 here we report the synthesis of a new class of organic salts, namely piperidinium 3,3'-(arylmethylene) bis (2-hydroxynaphthalene-1,4-diones), in a one-pot, pseudo-four-component route via the reaction between 2-hydroxy-1,4-naphthoquinone 1, aromatic aldehydes 2, and piperidine 3 ( Figure 1 ). The combination of readily available substrates with a one-pot multicomponent feature would offer an attractive route to assemble a library of organic salts including a naphthoquinone core. 
Results and discussion
There are several methods available in the literature that describe the reliable synthesis of 3,3'-(arylmethylene)
bis (2-hydroxynaphthalene-1,4-diones). 28−31 In this context, and in line with our interest in one-pot multicomponent synthesis of these versatile compounds, we planned to employ piperidine as a substrate for condensation with 2-hydroxy-1,4-naphthoquinone and aromatic aldehydes to produce related naphthoquinone ( Figure 1 ). However, when the reaction was conducted in the presence of piperidine in MeOH at 50
• C, an orange powdery product was obtained with spectral data inconsistent with our expected structures. Indeed, the data were in acceptable agreement with the formation of an unprecedented product with good symmetric properties including piperidine in which the single-crystal X-ray diffraction analysis confirmed the formation of the crystal structure of piperidinium 3,3'-(arylmethylene) bis (2-hydroxynaphthalene-1,4-diones) (Figure 2 ). As shown in Figure 1 , the products are formed from the condensation of two equimolar amounts of lawsone and one equimolar amount of aldehyde. One equimolar amount of piperidine has been located beside the formatted products of 3,3'-(arylmethylene) bis (2-hydroxynaphthalene-1,4-dione) with strong hydrogen bonding.
For the optimized conditions, first the reaction between 2-hydroxy-1,4-naphthoquinone (2.0 mmol), benzaldehyde (1.0 mmol), and piperidine (1.0 mmol) was selected as a model reaction and the temperature factor was evaluated, as shown in Table 1 . A test reaction was accomplished at room temperature. In these conditions, the desired product was not afforded after 24 h (Table 1 , entry 1). Then the reaction temperature was varied from 40 to 60
• C to investigate its effects. It was found that 50
• C was an efficient temperature (Table 1 , entry 3). The role of piperidine was also seen as in the absence of piperidine, the reaction did not progress even after 24 h. Therefore, using piperidine is essential for the condensation of the substrates (Table   1 , entry 5). 
C6H5CHO
For further evaluation of the feasibility of this strategy, a variety of arylaldehydes were selected. As shown in Figure 4 , the reactions tolerated both electron-withdrawing and electron-donating groups on the aldehyde aromatic rings, including ortho-, meta-, and para-substituted groups with the corresponding products in satisfying yields.
The proposed mechanism for the synthesis of these compounds is portrayed in Figure 5 . The nucleophilic attack of active lawsone by piperidine to the aldehyde led to intermediate product A (Knoevenagel-type condensation reaction) and Michael addition to another lawsone gave species B, followed by its tautomerization to piperidinium 3,3'-(arylmethylene) bis (2-hydroxynaphthalene-1,4-dione) salts (4a-4h).
In conclusion, with the aim of achieving important organic synthesis, we have developed a one-pot, pseudofour-component synthesis of new piperidinium 3,3'-(arylmethylene)bis(2-hydroxynaphthalene-1,4-dione) salts from the reaction between 2-hydroxy-1,4-naphthoquinone, piperidine, and aromatic aldehydes. The formation of salts was characterized by FT-IR, 1 H NMR, and 13 C NMR analysis. The X-ray crystal structure analysis confirmed the existence of hydrogen bonding interactions in the crystal structure.
Experimental

General
Melting points and IR spectra of all compounds were determined by an Electrothermal 9100 apparatus and FT-IR-JASCO-460 plus spectrometer, respectively. The 1 H and 13 C NMR spectra of known compounds were recorded on a Bruker Avance DRX-400 instrument in CDCl 3 and DMSO at 300 MHz. All chemicals were provided from chemical producers Merck (Darmstadt, Germany) and Fluka (Buchs, Switzerland) and used without further purification.
General procedure for preparing piperidinium 3,3'-(arylmethylene) bis (2-hydroxynaphthalene-1,4-dione) salts
A mixture of 2-hydroxy-1,4-naphthoquinone (2.0 mmol, 0.348 mg), aromatic aldehydes (1.0 mmol), and piperidine (1.0 mmol, 0.085 mg) was heated to 50
• C in MeOH. The progress of the reaction was monitored by TLC.
Then the reaction mixture was cooled down to room temperature. The mixture was washed with MeOH for separating the product. Finally, the crude product was recrystallized from MeOH to afford the pure naphthoquinone derivatives. 
Piperidinium 3,3'-((4-bromophenyl)methylene) bis (2-hydroxynaphthalene-1,4-dione) (4b)
Piperidinium 3,3'-((2-chlorophenyl)methylene) bis (2-hydroxynaphthalene-1,4-dione) (4c)
Piperidinium 3,3'-((3-fluorophenyl)methylene) bis (2-hydroxynaphthalene-1,4-dione) (4d)
Piperidinium 3,3'-((4-hydroxy-3-methoxyphenyl) methylene) bis (2-hydroxynaphthalene-
1,4-dione) (4f )
Crystallographic data
The molecular salt 4a, which crystallized as orange crystals in the monoclinic space group P21/n with cell Table 2 and the relevant hydrogen bond parameters are provided in Table 3 . 
